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Method to reduce the moisture 
dielectric constant material 

absorbed by the organic 
environment, is then reduced via 

treatment, performed in a nitrogen ambient. The 
reduction in moisture can be accomplished, even when the organic low k 
layer had been exposed to the. 

used to fabricate semiconductor devices, and more specifically 
to a method used to reduce the moisture content in an organic, 
low dielectric constant, (low k) , layer, 
used to passivate metal interconnect structures. 

. . RC delays, when compared to counterparts fabricated with more 
resistive aluminum, or tungsten interconnect structures. In addition 

use of low dielectric constant, (low k) , 

materials, have allowed the capacitance value of RC delays to be 
significantly reduced. Inorganic spin on glass, (SOG),. 
What is claimed is: 

1. A method of forming an organic low dielectric 
constant, (low k) , layer, on a semiconductor substrate, 
featuring a final nitrogen procedure used to remove water 
organic low. 
2002:136891 USPATFULLI 
Method to reduce the moisture 
dielectric constant material | 

Chang, Weng, Taipei, TAIWAN, PROVINCE OF CHINA 

Taiwan Semiconductor Manufacturing Company, Hsin-Chu, TAIWAN, PROVINCE 
OF CHINA (non-U. S. corporation) 

Bl 20020611 

19991103 (9) 



from said 



AN 
TI 

IN 
PA 

PI 
AI 
DT 
FS 

EXNAM 

LREP 
CLMN 
ECL 
DRWN 
LN . CNT 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



content in an organic low 



US 6403464 
US 1999-433053 
Utility | 
GRANTED | 

Primary Examiner: 
A. | 

Saile, George O. , 
Number of Claims : 
Exemplary Claim: 1| 
3 Drawing Figure (s); 
271 | 



Niebling, John F 



Ackerman, 
15| 



Assistant Examiner: Gurley, Lynne 
Stephen B. | 



1 Drawing Page(s) | 



2 ANSWER 3 OF 27 USPATFULL 

SUMM The present invention relates generally to low- 
dielectric constant materials used for the intermetal 
dielectric layer and more particularly to the use of fluorine 

containing 

low dielectric constant materials for 

intermetal dielectric layers for technologies of 0.18 . mu . m and below. 

that the intermetal/interlevel dielectric layers ( IMD and ILD 
layers) must be thinner. To reduce capacitive effects with the IMD/ILD 
materials, low dielectric constant (low-k) 

dielectric materials have been developed which have k values in the 
range of 3.2 down to 2.0. However, these. 

deposited fluorinated silica glass (FSG) intermetal dielectric 
(IMD) films have been of high interest for submicron devices due to its 
low dielectric constant (k) and good 

gap-filling capability. However HDP FSG has several problems from a 
process integration aspect, such as fluorine out-gassing, . 
Referring now to FIG. 9, therein is shown the structure of FIG. 8 after 
post-plasma treatment with an ammonia (NH.sub.3)- 
nitrogen (N.sub.2) gas mixture. This post-plasma treatment 
results in a fluorine-depleted region 32 in the FSG layer 18 around the 
via. 
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SUMM . . . gas for the non oxidative ambient, use may be made of a 
nitride 

gas or an inert gas such as argon or helium- 
SUMM The plasma treatment means is desired to treat a 

dielectric film containing one element selected from the group 
consisting of silicon dioxide, silicon nitride, silicon 
carbide, aluminum oxide, zirconium oxide, cupric oxide and 
tungsten oxide. 

SUMM ... of the treatment substrate containing silicon, the treatment 

substrate containing silicon and oxygen, and the treatment substrate 

containing silicon and nitrogen with the light. 
DETD To the cooling pipe 28, a circulator 38 is provided. The circulator 38 

circulates a coolant such as liquid nitrogen and cools the 

treatment substrate 26 rapidly. The lamp heater 27 used in combination 

with the cooling pipe 28 can. 
CLM What is claimed is: 

9. The measurement system according to claim 7, wherein the 

plasma treatment means treats a dielectric film 

containing one element selected from the group consisting of silicon 
dioxide, silicon nitride, silicon carbide, aluminum 
oxide, zirconium oxide, cupric oxide and tungsten oxide. 

18. The measurement system according to claim 17, wherein the light 
radiation means irradiates anyone of the treatment substrate containing 
silicon, the treatment substrate containing silicon and oxygen, and the 
treatment substrate containing silicon and nitrogen with the 
light . 
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SUMM An inter-layer insulation film is formed, using an insulation film of a 
low dielectric constant/ contact holes and 

trenches are made by dual damascene type plasma is used when the lower 
layer is metal such. 
DETD In the above description, an inter-layer insulation film should be an 
insulation film with a low dielectric 

constant- Contact holes and trenches should be formed by dual 
damascene type. RF plasma is used for the cleaning process when. 

DETD In the above description, an inter-layer insulation film should be an 
insulation film with a low dielectric 

constant. Contact holes and trenches should be formed by dual 
damascene type. RF plasma is used for the cleaning process when. 

DETD In the above process, reaction gas such as helium (He) , hydrogen 
(H.sub.2) or argon (Ar) may be used for plasma 

treatment process, and the process is performed within 100 W 
through 500 W. A DLI, a CEM or a vaporizer of. 
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SUMM . . . the outside barrier layer, reducing its effectiveness. Fourth, 
to control wettability of the barrier layers, the Hirao technique 
describes an argon-plasma treatment, 

another time-consuming step that further impairs its practicality. 
DETD . . . The preferred embodiment uses a porous silicon dioxide. (For 
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Integrated Circuit Structure and Method of Making Same" which is 
incorporated herein by reference.) Hole 28a is. 
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SUMM . . . the outside barrier layer, reducing its effectiveness. Fourth, 
to control wettability of the barrier layers, the Hirao technique 
describes an argon-plasma treatment, 

another time-consuming step that further impairs its practicality. 
DETD . . . The preferred embodiment uses a porous silicon dioxide. (For 
details on forming this material, see U.S. Pat. No. 5,470,801 entitled 

ii 

Low Dielectric Constant Insulation Layer for 

Integrated Circuit Structure and Method of Making Same" which is 
incorporated herein by reference.) Hole 28a is. 
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• • . need for an additional deposited layer. In one aspect the 
invent.cn treats an exposed surface of carbon- containing material such 
as silicon carbide, with an inert gas plasma, such 
as a helium (He), argon (Ar), or other inert gas 
^t^k'o^ a ? ox y9 en - cont aining plasma such as a nitrous oxide 
(N. sub. 20) plasma. Other carbon-containing materials can include 



can 



SUMM 



SUMM 



DETD 
to 



DETD 
without 



polymeric materials, amorphous carbon, amorphous f luorocarbon, carbon 
containing oxides, and other carbon-containing materials. The 
plasma treatment is preferably performed in situ 

following the deposition of the layer to be treated. Preferably, the 
processing chamber m which in situ deposition and plasma 
treatment occurs is configured to deliver the same or similar 
precursors for the carbon-containing layer(s). However, the layer(s) 

be deposited. 

intearateH^^ 1 ' 63 ^' 1 inVe ? tion "lates generally to the fabrication of 
relttlt tn C1 T ltS ° n "bstrates. More particularly, the invention 
relates to a plasma treatment of carbon-containing 
layers, such as silicon carbide, to enhance adhesion 

layer. ad]aCSnt ^ t0 minimize nidation of the carbon-containing 

" * ■ ', the i nvention treats an exposed surface of carbon-containinq 
material such as SiC, with an inert gas plasma, such as a ? 
helium (He), argon (Ar) , or other inert gas plasma, or 

She^rbon^^ ^ * nit " ua ~ id * <".«*.«>> 

• • • the trimethylsilane flowing at a preferable rate of about 50 

about 200 seem./ Preferably, a noble gas, such as helium or 

Z?'innn ^ the charaber at a rate of about 200 to 

about 1000 seem. The chamber pressure is. 

. contained a similar composition. The He plasma was used 



DETD 



DETD 



CLM 



AN 
TI 

IN 
PI 
AI 



the substantial presence of other gases including oxygen, hydrogen 
and/or nitrogen. To the extent that any oxygen, hydrogen, ydr ° gen ' 
and/ or nitrogen was present in the He gas plasma, the presence 
of such gases was negligible. 

I ' : ° f th ? various layers, the oxide on the conductor can be 
exposed to a plasma containing a reducing agent of nitrogen 
and hydrogen, such as ammonia, to reduce the oxide 

• . . dielectric layer, the flow rate of silicon tetraf luoride 
commonly used for a FSG deposition, may be reduced while increasing the 
helium or argon flow to create a smooth transition 

transi^on i is eCtriC ^ ^ S±C layer " The fle * ib ility in the 

What is claimed is: 

. 3, wherein exposing the carbon-containing layer to the treatment 
plasma comprises exposing the layer in the substantial absence of 
oxygen, nitrogen, and hydrogen containing gases. 
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SUMM . . . employ interposed between the patterns of patterned 

microelectronic conductor layers when fabricating microelectronic 
fabrications microelectronic dielectric layers formed of comparatively 
low dielectric constant dielectric materials 

having dielectric constants in a range of from about 2.0 to about 4.0. 
For comparison purposes, microelectronic dielectric. 
Microelectronic dielectric layers formed of comparatively low 
dielectric constant dielectric materials are desirable 

in the art of microelectronic fabrication formed interposed between the 
patterns of patterned microelectronic conductor layers. 
Of the comparatively low dielectric constant 

dielectric materials which may be employed for forming microelectronic 
dielectric layers within microelectronic fabrications, carbon doped 
silicon containing dielectric materials,. 

the first object of the present invention, wherein the carbon 
doped silicon containing dielectric layer is formed with a 
comparatively 

low dielectric constant while simultaneously 

having enhanced adhesion with respect to an additional microelectronic 
layer formed thereupon. 

containing dielectric layer within a microelectronic 
fabrication, wherein the carbon doped silicon containing dielectric 
layer is formed with a comparatively low dielectric 
constant, while simultaneously having an enhanced adhesion of an 
additional microelectronic layer formed thereupon. 

containing dielectric layer within a microelectronic 
fabrication, wherein the carbon doped silicon containing dielectric 
layer is formed with a comparatively low dielectric 
constant, while simultaneously having enhanced adhesion with 
respect to an additional microelectronic layer formed thereupon. 

object, it has been determined experimentally that 
comparatively mild conditions employed within the oxidizing plasma 18 
will preserve the desirably low dielectric 

constant dielectric constant properties of the blanket carbon 
doped silicon oxide dielectric layer 16 when forming therefrom the 
oxidizing plasma treated. 

patterned carbon doped silicon oxide dielectric layers 16a 1 , 
16b' and 16c 1 are formed while preserving a desirably low and 
comparatively low dielectric constant of 

the carbon doped silicon containing dielectric material from which is 
formed the blanket carbon doped silicon oxide dielectric layer. 

silicon oxide dielectric layers were then exposed to various 
plasma treatments which included: (1) a low temperature nitrous oxide 
and helium plasma treatment at a 

temperature of about 30 degrees centigrade for a time period of either 
one minute or two minutes, while. . . area and a nitrous oxide flow 
rate of about 200 standard cubic centimeters per minute (seem); (3) a 
high temperature helium plasma treatment 

at a temperature of about 400 degrees centigrade for a time period of 
about one minute, while also employing a. . . a helium flow rate of 
about 500 standard cubic centimeters per minute; (4) a high, 
temperature 

2 0 percent oxygen in helium plasma treatment 

at a temperature of about 400 degrees centigrade for a time period of 
about 30 seconds, while also employing a. 
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SUMM The present invention relates aeneraHv ^ * k • 

devices and specifically t! S meSd * rtVo^l™ 9 S ™' C °^or 

££?ca?-° C ° nstant ( lo -^> materials used In" " 
=™ "pleating semiconductor devices. 

depositing" ^ N ° ' 5 ' 661 '° 93 t0 «"i ^ al. describes a method for 
a halogen-doped oxide film having a low diel ee ^-i ~ 

subsequent pro=e»i„" ' d ilS ° r<5talns th " e P«P«rti. s during 

methof of ^crm^c™ tZ'£££L Pmmt inVentiM C ° ■ 
constant material having improved crack resistance 

£ r f „ g „ P ° un?£r r r:r; jsnr^s j:„ to -°* id « * — - 

r^sista^ce "■>"•»* -terial having improved crack 
characteristic of the material 

^Vm^in^nVche^rior ^iotklu^" ^ « -™ 

dielectric constant characteristics. For examnle in 

P«ce" S Lg £ of; b o P u r3. 2 B 2 D . h " ^ -"taut atter 

What is claimed is: 

treatment at from about 15 to 19. degree C. 

said ^ meth ° d ° f Claim 10 ' therein said stabili Zation treatment of 

final deposited film includes a helium D la SIM 
treatment of about 15 to 19. degree C^ P 
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DETD Suitable dielectric or passivation materials include, without 
limitation, any dielectric capable of passivating a sic 

substrate. Preferred dielectrics include oxides, nitrides, oxynitrides, 
and mixtures thereof. Suitable oxides include, without limitation, 
thermally grown or deposited oxides,. . . low temperature thermal 
oxides (LTO), triethylorthosilane formed oxides (TEOS), and mixtures or 
combination thereof. Other suitable dielectrics include, without 
limitation, deposited silicon nitride, 

oxynitride, and thermally- formed nitrided silicon oxide. 
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